Syringomyelia is a disease characterized by the presence of longitudinally disposed cavities within the spinal cord. Such cavities contain fluid in life which may have many sources and the means by which it first arrived and by which the cavities extend are various. Syringomyelia is thus not one entity but has many causes in the same way as fluid cavities in the brain may be of diverse origins. It is the structure of the cord which makes the cavities adopt the same sort ofdisposition and makes the clinical signs converge so as to produce similar symptoms whatever the cause.
The present discussion divides the mechanisms of syringomyelia and considers the initiating cause, the causes of progression and the causes of the maintenance of the fluid separately. The aetiology of relevant hindbrain abnormalities is discussed last.
Initiating causes

Communicating syringomyelia
This term was introduced (Williams 1969 ) because it was recognized that in the commonest form of syringomyelia the cavities contained cerebrospinal fluid (CSF) or fluid indistinguishable from it. It was assumed by Gardner (1973) that this fluid arrived in the syrinx by travelling down the central canal from the floor of the fourth ventricle along the embryologically natural route, a slightly dilated central canal. Other sites of communication are uncommon. The evidence for this view is impressive (Gardner 1973) . Radiological studies have sometimes shown such a channel to be patent. Syringomyelia may be produced in dogs by injecting kaolin into the cisterna magna and in such animals a patent central canal leads from the hydrocephalic ventricles to the syrinx (Williams & Bentley 1980) . Perhaps the most convincing evidence is that in patients with communicating syringomyelia there is always an abnormality of such a sort that a pressure difference can be assumed, and can frequently be measured, between the area from which the CSF came and the area to which it goes. The usual situation, therefore, is high pressure in the head and low pressure in the spine (Figures I and 2) . This may be called craniospinal pressure dissociation. A similar phenomenon is found in the spine in conditions which produce partial blockage ( Figure 3 ). Once more the lower pressure is in the lower part of the spine as in Froin's syndrome. To say upper spinal/lower spinal pressure dissociation becomes cumbersome and the word 'suck' covers both phenomena. Suck is always present, for example, in dogs with kaolin-induced hydrocephalus and syringomyelia because the kaolin causes dense fibrosis around the cisterna magna (Williams 1980) . In this experimental model the pressures are usually different at rest, that is, the baseline pressures are different. In human cases with a slow presentation the baseline pressures in the head and spine are usually equal if the pressures are measured at rest, but in the majority of patients with progressing communicating syringomyelia transient suck can be brought on after episodes of raised thoracoabdominal pressure. A convenient way to do this in the test situation is to use a cough or to ask patients to blow into a mouthpiece so that the intratracheal pressure may be recorded. Such transient craniospinal pressure dissociation is well illustrated by subtracting the ventricular pressure from the spinal subarachnoid pressure and obtaining a differential trace ( Figures I and 2 ). The upward deflection of this differential trace means that there is a pressure difference available to move Lumbar pressure 15-0-
30-
Ventricular pressure 15-0-Differential pressure (lumbar minus ventricular) fluid upwards and conversely a deflection below zero means that CSF is being sucked downwards. The characteristic finding is that a valvular action is present allowing the fluid to move upwards easily, but only with more difficulty and delay can it move downwards again.
In 37 unoperated patients with proven syringomyelia associated with hindbrain abnormality 24 had such pressure dissociation, 3 had minimal or equivocal evidence and 10 were normal. The morphological correlation with this valve is the hindbrain hernia which is usually present, commonly in association with some degree of basilar invagination, arachnoiditis, tumour or subarachnoid pouches. The common hindbrain hernia is formed by the cerebellar tonsils which make a closely moulded valve and the suck causes this to be further shaped and closely fitted throughout life. Patients may present with posterior fossa symptoms from this when they have no syringomyelia or the syringomyelia is clinically silent. The upward movement of CSF from the lumbar spine to the head occurs because during raised abdominothoracic pressure the epidural venous plexus accommodates blood from the high pressure area to produce engorgement around the dural sac. A good example is a cough which displaces CSF upwards (Williams 1970 (Williams , 1974 (Williams , 1976 . It always goes upwards first, and in some 300 recordings in the upright position no exceptions have been found. It is thus a sort of reverse Queckenstedt's manoeuvre but much more energetic. Pressures of over 100mmHg may be reached during a cough lasting less than a second. In the normal, of course, the CSF drops almost equally rapidly to its resting position as the pressure falls. In patients with hindbrain hernia, pressure differences of over 100 mmHg have been recorded between the head and the spine. This degree of suck occurs during the post-Valsalva rebound when the cardiac output is high to compensate for the period of depressed cardiac return (Figures 2 and 3). Suck is responsible for one form of cough headache and also for cough syncope and may be recognized because the symptoms come on two or three seconds after the straining event and continue for a short while, usually less than a minute. Pressure differences peaking at 30 mmHg or so are usual at such times when hindbrain hernias are acting as a valve ( Figure 2 ).
When such hindbrain hernias are disimpacted by craniovertebral decompression, the symptoms ofhindbrain compression may be much relieved and also the symptoms and signs of syringomyelia may be alleviated (Table I ). The relief ofcord features, which do not seem to be related to the hernia itself, is so marked on occasions that it is tempting to regard this as good evidence that filling of the syrinx has been arrested by stopping the dissociation which had been sucking CSF into the syrinx along the presumed communication. On the other hand, there is evidence against the view that a patent communication is important. Radiographic studies have shown that around 10% of communications are demonstrable by either oily (Myodil) or water soluble contrast media on ventriculography (West & Williams 1980) . Computed axial tomography by transmitted gamma rays (TCAT scans) has shown, however, that water soluble contrast medium often appears in the syrinxes. The route by which it gets there from the CSF is frequently unproven. Histological methods have also shed doubt on the existence of a patent communication in the majority of human cases (V Logue 1980, personal communication) . Additionally, patients with successful operative correction of hindbrain abnormalities and elimination of suck may continue to deteriorate after surgery. Some of these patients have become worse sharply in relation to a cough. Some patients who are actively deteriorating at the time that they present for investigation have no demonstrable craniospinal pressure dissociation and in such patients hindbrain decompression is, in general, unhelpful.
In the face of conflicting evidence about the importance of the communication, it is tempting to propose the explanation that a patent communication is likely to be a factor in the initiation of the syringomyelia but may be blocked off later, possibly by the repeated compression of structures at the foramen magnum, and that other factors are at work during the later development of the illness. These possibilities are considered further under causes of progression.
Non-communicating syringomyelia
The commonest causes are intrinsic tumours of the spinal cord, dense arachnoiditis around the cord and post-traumatic paraplegia. In the first case the cause of the cavity is almost certainly secretion of the proteinous fluid by the cells of the tumour. Sometimes these are external to the tumour mass, analogous therefore to tumours in the brain such as haemangioblastoma or juvenile astrocytoma of the cerebellum, in which case the removal of the tumour nodule from the inside of the syrinx wall may produce a cure. More commonly the tumour and the syrinx spread together and the syrinx cavities may be partly or wholly within the tumour. Such tumours may be extensive and the prospects of surgical removal are often hopeless. On occasions these tumours may be very indolent, so much so that some pathologists prefer to regard them as hamartomas or congenital malformations. Thus, the idea that a spectrum of abnormalities exists ranging from frank tumours to cavities lined by abnormal but benign glial cells cannot be disregarded.
The cause of the initial cavity in syringomyelia apparently secondary to arachnoiditis is more obscure: small cavities may result from ischaemia, venous obstruction may playa part and binding of the cord to the meninges may result in shearing stress and mechanical disruption of tissue planes with release of fluid into the tissues in response to such injury.
With traumatic paraplegia the likely initial cause of a cavity at the site of the lesion is a haematoma (Cushing 1898). Such haematomata are common and are known to spread in the sites of structural weakness, along the grey matter, particularly the dorsal horns. Most posttraumatic cases of syringomyelia do not declare themselves until more than a year after the spinal fracture, so it seems that the haematoma and its subsequent liquefaction initiate the cavity but that other factors thereafter become more important.
The role of venous distension has been discussed frequently, both in relation to syringomyelia with abnormalities at the foramen magnum and in the post-traumatic variety (Aboulker 1979) .The evidence is unconvincing in such a well drained organ as the spinal cord, but conceivably this mechanism might initiate some cavities, perhaps particularly those in association with spinal arachnoiditis.
Causes of progression
Slosh When a volume of fluid is present inside the cord, pulsation in the subarachnoid space may be transmitted to the fluid in the syrinx by generating waves in the walls (Figure 4) . The change in to organizing haematoma make a powerful combination to produce severe upward 'slosh' in this condition diameter of the cord and longitudinal movements of the contained fluid may be seen if Myodil or Amipaque in the syrinx is screened radiologically. The small pulsation associated with heart beat may be seen under these circumstances and the movement produced by a cough is impressive. The first and sharpest movement in association with a cough is upwards. The upward rush of fluid following a cough is therefore more destructive than the downward movement. This almost certainly accounts for the progression of syringobulbia above a syringomyelia. It seems equally probable that the upward progression of syringomyelia from the site of a paraplegia is due to this mechanism which may becalled the sloshing mechanism or simply 'slosh'.
The factors which govern the transmission of energy to the walls of the syrinx and which therefore are responsible for the advance of the pathology would almost certainly repay systematic experimentation. In the absence of this, however, some 'thought experiments' may be helpful.
(1) Mass offluid within the syrinx: If the quantity of sloshing fluid is very small it will have no effect; if it is large it may be slow to gain acceleration. Consider an analogy with an ordinary hammer: one which is too light cannot drive a nail into a wall, one which is too heavy is difficult to accelerate. Hammers have a peak of efficiency proportional to their weight. It can be seen that the differential trace did not move below the baseline in this recording. The rise in CSF pressure at the cisternal site was probably partly due to distension of epidural veins above the fracture, but the pressure phenomena suggest that CSF movement occurred as represented in Figure 5 : the CSF was not gelling past the fracture but was almost certainly moving the syrinx fluid. This patient had over 12 m1 of fluid in his syrinx cavity at operation
(2) Thickness and surface area ofthe syrinx wall: The thinner the wall the more readily will the energy from the subarachnoid space be converted into slosh and similarly the bigger the surface area the more efficient is such energy transmission.
(3) Size and shape of the spinal canal: The bigger the canal the more rapidly the fluid can flow through it. If however there are constrictions then the energy imposed upon the cord at the venturi is likely to reach a peak because the obstruction to flow of CSF is maximal there (Figures 5 and 6 ). Such a constriction may act in much the same way as the hindbrain abnormality, in that the upward thrust of CSF after coughing may raise the pressure above the constriction and lower the pressure below and then there may be delayed return to normal. Thus an area of low pressure below the obstruction may be developed and maintained. This may suck fluid down from a syrinx and expand the downward extension of a syrinx below the block. This has been measured in both syringomyelia with intrinsic tumour (Figure 3) and syringomyelia in association with paraplegia (Williams, Terry, Jones & McSweeney, 1980) .
(4) State offilling ofthe epidural veins: If the veins are already full at the start of a cough then no more blood can be added to them and thus no cough impulse will be transmitted to cause slosh. If the CSF pressure is higher than the cough pressure no slosh will result. Between the two is the point of maximum energy transmission when the CSF pressure is just enough to flatten the veins (for a discussion see Williams 1974) .
(5) Vulnerable sites: If the inflation of a syrinx were considered as a hydrostatic, non-pulsatile event, then the sites of breakdown would be principally at the points of weakness as determined by such features as the ratio of grey matter to white tpatter or the circumference of the pia mater (Williams & Weller 1973) . When pulsation is considered, however, there is likely to be a greater tendency for the ends of the cord to be affected by slosh, particularly the top end of the cavity.
The slosh concept therefore has considerable explanatory power. It could explain why syringomyelia may advance when a communication is blocked off or after successful surgical correction of craniospinal pressure dissociation. It explains why myelotomy is commonly unsuccessful. A myelotomy does not empty the syrinx, it only equalizes the pressure within and without; a patient may as easily fill his syrinx via a myelotomy as empty it thereby. Slosh explains why a syrinx advances under conditions when the baseline pressures are indistinguishable inside and outside the syrinx and when the syrinx is radiologically slackwalled and collapsible. Slosh through a venturi where the subarachnoid space is closed off may explain progression in syringomyelia with spinal arachnoiditis (Barnett et al. 1973) . Additionally, the cases of syringomyelia which present clinically during the sixth or seventh decades of life have always been difficult to explain on the grounds of craniospinal dissociation. Why should such a disease process appear to start after the causative hindbrain hernia has been there for half a century? The factors that govern slosh indicate that once it reaches a critical size the syrinx may progress rapidly because every increase in the size of the syrinx makes the situation worse. Such is the situation of many elderly patients with syrinxes which progress despite all attempts at treatment.
Ischaemia
Whether hydrostatic filling or slosh damages the walls of a syrinx, the protective mechanism is the laying down of glial fibres, usually in a circumferential way and often very thickly (Barnett et al. 1973) . The possibility that such fibres may damage the blood supply to the parenchyma has been suggested and cannot be discounted. Ischaemia may be a cause of progression of neurological disability; that it should be a cause of initiation or progression of the cavities is more questionable.
Maintainance of fluid within the syrinx If fluid is being sucked down from the fourth ventricle then its source is the CSF pathways. Similarly ifthere is a communication via a tear at the site ofa paraplegia or through a tumour site in the hindbrain then CSF may be freely introduced. If there is a highly proteinous exudate from a tumour then the cell dynamics of the tumour may be held responsible. If the syrinx is actively extending with tearing of the tissue planes at the edge of the cavity then fluid may be exuded from damaged cells and capillaries. In the well established cavity with stable walls, no tumour and no wide communication with CSF pathways, the biology of the fluid can only be guessed at. Fluid of such a sort may lie about the neuraxis, free of direct communication with the CSF pathways but not being absorbed. The closed off occipital horn, cysts of the septum lucid urn and other kinds of ependyma or arachnoid lined cysts are encountered in the neuraxis, often quite asymptomatic, appearing to have been present for many years. The maintainance of such fluid presumably reflects Starling's equations for extracellular fluid.
The continued existence of the cavities may reflect the capacity of CSF to diffuse through the nervous system. None of the tissues of the neuraxis are impervious to water. The perivascular spaces have been particularly implicated as being widened in syringomyelia (Aboulker 1979) . In animals where syringomyelia has been produced secondary to experimental hydrocephalus, Iridian ink injection into the ventricles will produce filling of the perivascular spaces and ink reaches the subarachnoid space (Williams & Bentley 1980) . Fluid may conceivably pass in the opposite direction and this may be how water-soluble contrast reaches the syrinx when there appears to be no communication at the top of the central canal. Fluid may not, however, be forced along the perivascular spaces to initiate or inflate a syrinx because uniformly raised pressure around the cord must tend to compress rather than expand it. Such transmission may maintain but cannot initiate a syrinx or cause it to progress.
Aetiology of the foramen magnum lesions
The hindbrain abnormalities found in association with syringomyelia are complex and variable. Identical abnormalities are sometimes found without syringomyelia and the clinical presentation in such cases may be of high intracranial pressure, oscillopsia, ataxia, giddiness, cough headache, cough syncope, deafness, lower cranial nerve palsies and so on. The syringomyelia cases are necessarily chronic however and seldom have, for example, a cerebellar tumour.
In an enquiry of 122 cases of 'communicating' syringomyelia at the Midland Centre for Neurosurgery and Neurology, 4 cases had had previous meningitis and 4 had tumours. Obvious developmental defects were present in 22: spina bifida (7), neurofibromatosis (6) and assorted mesodermal abnormalities of other kinds (9). Seventy-six cases gave a history of injury to the head, 21 had a severe postnatal injury and 64 had a history of birth difficulty. Twenty-six of these had a history of severe birth injury, a number which is greatly in excess of the incidence in a control population. Details of scoring methods are given by Williams (1977) . A form of modified Venn diagram containing four additional intersections is given in Table 2 . Thus it seems certain that there is an association between difficult birth and syringomyelia in a proportion of cases. The most likely explanation seems to be that the moulding of the skull bones, compression of the brain downwards into a foramen magnum, transient swelling due to anoxia, haemorrhage into the basal cisternae and resultant hydrocephalus may all playa part in starting off abnormalities at the hindbrain site. Once the pattern of hindbrain impaction with intermittent suck becomes established then the morphology of the hindbrain abnormality, particularly tonsillar herniation, becomes fully established. This is an attractive hypothesis and it seems probable that in many cases where there are no known features in the history to suggest difficult birth, the birth injury could have been responsible. At present it seems reasonable to claim that difficult birth is the commonest identifiable cause of communicating syringomyelia and that nonperinatal head injury is the second most common cause, but it would be prudent to observe that in the majority of cases no cause can be ascribed with confidence. 
Summary
Discussion of the pathogenesis of syringomyelia involves considering the origin of the fluid and also the forces which cause that fluid to break down the structure of the cord. When cerebrospinal fluid (CSF) appears to be the destructive element; it commonly enters through a patent central canal running from the fourth ventricle to the inside of the syrinx. In both clinical and experimental situations pressure differences may be measured which suck on the hindbrain, particularly the cerebellar tonsils, producing deformities. These pressure differences may also suck fluid into the syrinx. In other cases, even when a communication does not appear to be patent, the hindbrain abnormalities are usually present and suck effect may usually be demonstrated and its correction be accompanied by clinical improvement. Other sources of fluid within a syrinx include liquefaction of haematomata after traumatic paraplegia and transudation of fluid from intrinsic spinal tumours. Once fluid is present within a cord cavity it may pulsate upwards and downwards in response to fluid movements in the subarachnoid space, the most energetic of which result from venous influences. Such movement, 'slosh', may cause the cavities to extend at either end giving rise to upward and downward extension from a post-traumatic cord cyst and sometimes to syringobulbia. Cord ischaemia, venous congestion and transport of fluid along perivascular spaces may all playa part in the maintainance of cord cavities or the progression of the clinical disabilities.
